Abstract. Given the rapid development of the Chinese banking industry, commercial banks are increasing their asset sizes simultaneously.China has several commercial banks in the forefront of global banking.The efficiency of small-sized, medium-sized and large-sized banks have become central to the healthy development of the Chinese banking industry.This study uses the data envelopment analysis Malmquist index to analyse the efficiency of Chinese commercial banks from 2005 to 2014.
Introduction
Bank efficiency has recently been the focus of considerable attention from scholars.Studies before the 1990s have mostly identified the economy of scale and scope as the main sources of efficiency for commercial banks, including X-efficiency, cost efficiency and profit efficiency.Berger and Humphrey [1] (1997) empirically analysed the efficiency of U.S. banks by conducting stochastic frontier analysis and identified the size, organisation and government supervision of banks as the main influencing factors of bank efficiency.Maudos and Pastor [2] (2003) measured the efficiency of commercial banks in Spain from 1985 to 1996 via data envelopment analysis (DEA)and determinedthat the profit efficiency of commercial banks was lower than their cost efficiency.Tetsushi Homma [3] (2014) observed an intriguing growth-efficiency dynamic throughout the life cycle of banksand showed that the efficient structure hypothesis dominated the quietlife hypothesis in terms of economic effects.TianshuZhao [4] (2013) determined that consumers were faced with high switching costs because of the weak competitiveness of the loanmarket.In summary, although domestic and foreign scholars have produced fruitful research on the efficiency of commercial banks, they have mostly focused on the performance of banks before the financial crisis.Their methods for measuring bank efficiency mainly include non-parametric data estimationvia DEA and parametric translog cost function estimation.This study addresses these gaps in the literature by combining DEA with the Malmquist efficiency index to analyse the efficiency of commercial banks in China between 2005 and 2014.
The Malmquist index is constructed on the basis of the distance function. The reciprocal distance function is defined as the Farrell technical efficiency, whereas the input distance function is defined as the distance between the point of production and the ideal point near the minimum input level.
By using the period of t technology t T as a reference, the output angle of the Malmquist index can be expressed as follows:
By using the t+1 period 1 t T  as a reference, the output angle of the Malmquist index can be expressed as follows:
To prevent arbitrariness in determiningthe differences that result frommodelling Caves based on Fisher's ideal index, the geometric mean from the t phase to the t+1 phase of the Malmquist productivity change index is measured as follows: 
Whereas ( TheMalmquist index has favourable properties and can be decomposed into constant returns.By using the comprehensive technical efficiency change index (TEC) and technological progress index, the decomposition process can be expressed as follows: 
The TEC can be further decomposed into the pure technical efficiency and scale efficiency indexes.Then,type conversioncan be expressed as follows: 
Design of the input-output index system
Based on the production and intermediary methods, combined with the availability of data and the correlation index of variables, the total deposits (X1), net value of fixed assets (X2), operating expenses (X3) and number of employees (X4) are used as the input indicators of the bank, whereas theinterest income (Y1), total pre-tax profit (Y2) and loans (Y3) are used as the output indicators.
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Sample selection and data sources Changes in total factor productivity levels and trends of Chinese commercial banks Efficiency value analysis: The super-efficiency DEA model is used to identify the changes in the efficiency of 15 commercial banks in China between 2005 and 2014. Table 2 shows that the efficiency of all these banks exhibits an increasing trend, which is consistent with the social and economic development of the reform and these banks. Such fluctuating trend may be attributed to the global financial crisis that has adversely affected the economic development of China, increasing the risksin the banking industryand subsequently affecting the profitability of these institutions. According to the time series data, the total factor productivity of China's banking sector exhibits a deteriorating trend.Between 2012 and 2013, the annual average factor productivity of these banks was only 0.984,their pure technical efficiency index was only 0.989 and their technical progress efficiency index was 0.986.Only the scale efficiency index reached a favourable level during this period (1.009), which indicates the important role of this scale in the total factor productivity growth and overall efficiency of Chinese commercial banks. Table 4 shows the average annual total factor productivity change of 15 commercial banks between 2005and 2014 and its decomposition. The data show that, during the study period, the total factor productivity of joint-stock commercial banks (1.006) is higher than that of state-owned commercial banks (0.984) between 2005 and 2014. Amongst the state-owned commercial banks, the Industrial and Commercial Bank of China showed the highest factor productivity (1.028),whereas the Agricultural Bank of China showed the lowest factor productivity (0.918).Amongstthe joint-stock commercial banks, China Everbright Bank showed the highest factor productivity (1.167).These results may be attributed to several reasons. Firstly, the innovations in and the application of electronic information technology have allowed commercial banks to improve their financial products and services as well as their management,which have subsequently improvedtheir technical efficiency levels. Secondly, although the four major state-owned banks have a significant size advantage compared with joint-stock banks, the redundancy and efficiency of numerous institutions are low and relatively weak in business innovation and management issues because of the influence of the ownership and management philosophy. Joint-stock banks improve their competitive ability by developing new businesses and improving their services.Given their different objectives, the efficiency levels of these two types of banks significantly vary.
Conclusion
We propose several strategies for improving the productivity of Chinese commercial banks. Firstly, the interest rate must be reformed.Government control over these rates has resulted in the inefficient management of commercial banks, which, in turn, has hindered these institutions from making a profit. Secondly, these commercial banks must be innovated to improve their business innovation and management abilities. Such innovationcan be achieved by expanding intermediate businesses, encouraging the development of lucrative new businesses and promoting mergers and acquisitions.Thirdly, the property rights of state-owned banks must be reformed by introducing foreign strategic investors and absorbing domestic private capital and public listings.Through these efforts, commercial banks can diversify their equities and securecompetitive positions in the market.
